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Watercolors in the Coastal Zone
What Can We See? 
THE ROLE OF OPTICS IN OCEANOGR APHY
Hydrological optics has a rich history, play ing a significant role in physical, chemical, and biological oceanography. The success over the last 30 years has provided oceanog raphers with a non-invasive means to study regional and global scale physical, chemical, and biological processes ( Figure 1 ). The abil ity to map the color of the world's oceans has been used to estimate global ocean pro ductivity (Longhurst et al., 1995; Platt and Sathyendranath, 1988; Sathyendranath et al., 1989; Behrenfeld and Falkowski, 1997) , aid in understanding radiant heating processes (Ohlman et al., 2000) , assist in delineating oceanic biotic provinces (Longhurst, 1998) , and document regional shelf break frontal processes (Ryan et al., 1999a (Ryan et al., , 1999b . The The spectral properties of water ( Figure 2B) and phytoplankton are distinct. Increasing the concentration of phytoplankton ( Figure   2C ) in a volume of water selectively absorbs (Martin, 1990; Prospero and Nees, 1986 can remain in the water column for months to three using standard ocean color satellite the perceived color change reflects the dust (Claustre et al., 2002) , influences the relaalgorithms (Claustre et al., 2002) . Therefore, itself. The interpretation of ocean-color im tive reflectance of the blue and green wavewhen interpreting ocean-color imagery, one agery is even more difficult in optically com lengths of light and can result in an overmust ask whether the iron-rich dust leads to plex waters where many different optically estimate of chlorophyll a by a factor of two a true increase in phytoplankton or whether significant constituents infl uence remotesensing refl ectance.
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THE OPTICAL COMPLEXITY OF
COASTAL WATERS
Coastal waters are very often optically com plex. In nearshore continental shelf waters, organic detritus and colored dissolved organic matter (CDOM) are often present in quantities sufficient to obscure the plant biomass signal because they infl uence the blue-to-green reflectance ratio ( Figure 2B ).
Additionally, the presence of highly scat tering inorganic particles and photons re flected off the seafl oor (see Limnology and
Oceanography, 48: 323-585, Figure 2D (HyCODE), has integrated these instru ments into an ocean observatory Schofield et al., 2003) , en abling bio-optical adaptive sampling of the Mid-Atlantic Bight .
Given the desire to develop coastal remotesensing applications, HyCODE focused on a wide range of optical issues that are high lighted in this issue of Oceanography. As an introduction to those efforts, this manu script reviews some of the major optically active constituents that underlie the spectral variability of remote-sensing refl ectance in coastal waters.
Understanding the spectral variability in ocean-color reflectance is key to using remote-sensing approaches, so our fi rst need is to understand what underlies refl ectance.
Remote-sensing reflectance is the above- The relationship between spectral refl ec tance [R(λ)] and the inherent optical prop erties can reasonably be described as
where G is a relatively constant param eter dependent on the angular distribution of the light field and the volume scatter ing coefficient (Gordon, 1975; Morel and Prieur, 1977) . Given that the magnitude of systems have utility for ocean applications is the compounds that dominate ocean color.
WHAT GIVES COASTAL WATER
an open area of research). Increased spectral This is often accomplished by collecting dis-
ITS COLOR?
resolution expands the potential to improve crete and in situ measurements. The fi rst ef-CDOM refers to organic matter that can approaches that can invert the measured forts have focused on characterizing the relanominally pass through a 0.2 micron fi lreflectance into its constituent components, tive importance of the dissolved and particter and can be detected optically, as not which have distinct absorption and scatter-ulate constituents, including phytoplankton, all organic compounds absorb light. High ing properties. detritus, and sediments, which dominate the concentrations of CDOM decrease light re-Given the desire to invert bulk refl ectance particulate material; and CDOM, small bacfl ectance dramatically because its spectral into its constituent components, the ocean teria, colloidal material, and viruses, which absorption can be high ( Figure 2B ). CDOM optics community has focused on defi ning dominate the dissolved phases. is often predominantly composed of humic the scattering and absorption properties of Oceanography June 2004 and fulvic acids, but can also include small colloidal material. Generally, CDOM's larg est impact is on absorption, but some colloi dal material can contribute to the backscat tering of light. CDOM sources include cel lular exudation/lysis/defecation (Kalle, 1966; Bricaud et al., 1981; Guixa-Boixeru et al., 1999) , resuspension from sediments (Chen, 1999; Komada et al., 2002) and humic/fulvic acids from rivers and terrestrial watersheds (Blough et al., 1993; Vodacek et al., 1997) . Figure   2B ). A low CDOM slope is generally inter preted as freshly produced material, which is then degraded through either photo-oxi dation (Mopper et al., 1991; Kouassi and Zika, 1992; Nelson et al., 1998) or microbial activity (Whitehead, 1996) . Spectral slope increases as the material is chemically modi fied (Rashid, 1985) , and over monthly time scales, CDOM becomes increasingly refrac tory (Nelson et al., 1998) . Mechanistic inter pretation of the age and source of CDOM from the spectral slope is difficult due to the complexity of the degradation process, which is described by at least two rate con stants that span days to weeks (Twardowski and Donaghay, 2002) . Despite these uncer tainties, CDOM slope has been effectively associated with specific water masses in the Baltic Sea (Højerslev et al., 1996) , Gulf of Mexico (Carder et al., 1989) , Caribbean (Blough et al., 1993) , Mid-Atlantic Bight (Vodacek et al., 1997) , and Sargasso Sea (Nelson et al., 1998) . Developing methods to characterize CDOM composition from space does not exist, but as the spectral resolu tion of satellite systems increases, the ocean optics community will undoubtedly explore the potential for new algorithms. where scientists can sit and drink coffee while all the data are delivered in near real-time. This capability allows for adaptive sampling .
Detrital particles represent nonliving organic matter including fecal pellets, cell fragments, large colloids, and marine snow.
An exponentially decreasing slope describes detrital spectral absorption, but the slope is typically less steep than for CDOM ( Figure   2B ). The relative backscatter of detritus can be high compared to that of phytoplankton (Stramski and Kiefer, 1991) , but of all the optical constituents, detrital particles remain relatively understudied. This lack of infor mation is problematic in coastal-water stud ies where detrital absorption can represent up to 30 percent of the blue light absorption signal (Schofield et al., In press).
WHERE DO WE GO FROM HERE?
Coastal waters are complex, but recent advances in optical instrumentation al low the oceanographer to decipher this complex soup, as highlighted in the other manuscripts in this issue. Optical data allow ocean-observing networks to serve the needs of chemists and biologists by providing data over ecologically relevant scales. It is our hope that the wider community will adopt these measurements and approaches so that one day they become as standard as a Con ductivity-Temperature-Depth (CTD) sensor in the oceanographer's tool box.
